Background: Natural-killer group 2 (NKG2), a characteristic receptor of natural killer (NK) cell family, assumes a vital role in modulating NK cytotoxic function. We aimed to detect mRNA expression of both NKG2A and NKG2D in serum NK cells obtained from colorectal cancer (CRC) patients. Methods: We enrolled 36 patients with newly diagnosed CRC, as well as 15 group matched healthy individuals. The patients were further classified into: 23 non-metastatic CRC (group 1) and 13 metastatic CRC (group 2). We detected the expression of NKG2A and NKG2D serum levels for all participants utilizing real-time polymerase chain reaction (RT-PCR). Results: NKG2D and NKG2A mRNA levels in peripheral blood mononuclear cells (PBMCs) were significantly elevated in patients with CRC compared to controls (P<0.01). NKG2D or NKG2A showed sensitivity (77.8, 83.33%) and specificity (73.33, 100%) respectively using receiver-operating characteristic (ROC) curve analysis for discrimination between patients and controls, whereas group 1 and group 2 showed no statistical significant difference in NKG2D and NKG2A levels (P>0.05).
Introduction
Colorectal cancer (CRC), the third most commonly diagnosed cancer in the world, has a higher predominance in developed countries (1, 2) . According to the Egypt National Cancer registry, the incidence rates/100,000 population of individual cancer sites are: in Upper Egypt in 2008 were 6.2 and 9.6, respectively; in Middle Egypt incidences were 6.7 and 9.7, respectively; while in Lower Egypt values were 8.0 and 10.7, respectively for both males and females (3) .
Although, there have been well established tumor factors that affect the prognosis in CRC patient (T stage, N stage, residual tumor following surgery with curative intent, and tumor grade) (4) . However, there are multiple determinants for development and survival of tumor. One of these, are host responses which are realized to have a major responsibility (5) .
Natural killer (NK) cells, large granular lymphocytes (LGLs), play a principal role in primary defense against
Original Article
Natural killer NKG2A and NKG2D in patients with colorectal cancer viruses and tumors. NK cells have both activating and inhibitory receptors. They adjust their activity through an equilibrium between the inhibitory and stimulatory signal cascades. Natural-killer group 2 member A (NKG2A) as an inhibitory receptor and D (NKG2D) as an activating receptor, belong to the C-type lectin superfamily in NK cells (6) (7) (8) .
The NKG2D ligands (NKG2DLs) consist of a various assemblage of proteins that are concomitant in structure to MHC class I. Several studies indicate that NKG2D and NKG2DLs engagement promotes NK cells expansion, survival, and cytotoxic activity (9, 10) . Thus, NKG2D/ NKG2DLs interaction constitutes an important start to activate the strong immune response against malignant cells (11) .
NKG2D ligands are not demonstrated on normal cells, however on solid tumors and few types of leukemia through induction of cancer-related pathways and oncogenes (12, 13) . Hence, owing to the loss of these ligands in normal cells and their expression in different types of cell stress as viral infections and cancer, NKG2D is considered as one of molecules involved in immune surveillance (14, 15) .
Moreover, NKG2A/NKG2D and their ligands interaction have been associated to a diverse physiologic and pathologic functions. Meanwhile, efforts have been done trying to explain their roles in the regulation of immune cells activities and responses (15) . Hence, the objective of the current study was to detect NKD2A and NKG2D mRNA expression in serum NK cells acquired from peripheral blood of metastatic, non-metastatic CRC patients, and healthy individuals.
Methods
A case control study conducted on 36 patients with CRC, as well as from 15 healthy individuals (group matched). Patients with CRC of all stages were enrolled from the Gastroenterology Oncology Department, Ain Shams University Hospitals. The current study was carried out over a 7 months period (February 2017 to August 2017). The CRC patients were further divided into 23 nonmetastatic CRC (group 1) and 13 metastatic CRC (group 2). The mean age of patients was 45.9±16.0. All patients have pathological proved diagnosis of colorectal adenocarcinoma, ≥18 years old and didn't receive chemotherapy and/or radiotherapy for their cancer. None of the patients had colorectal tumors other than adenocarcinoma or synchronous malignancy, major organ failure, primary or acquired immunodeficiency, presence of any systemic infection (clinical manifestations and proved by diagnostic investigations) or on any immunosuppressant therapy. The study was approved by the Oncology review board and Faculty of Medicine Ain Shams University research ethical and Human rights committee. All participants assigned an informed consent before taking part.
Study design
The participants were assessed by detailed medical history and clinical examination. Complete blood picture with differential count, renal and hepatic functions were performed for all participants. Full colonoscopy and biopsy, histological examination of colonoscopic biopsy and tumor marker [carcinoembryonic antigen (CEA)] were done for all patients. Radiological assessment of patients was carried out by computerized tomography of the abdomen and pelvis with contrast, and/or magnetic resonance imaging, positron emission tomography scan for proper initial staging.
RNA extraction and cDNA synthesis
Total RNA was extracted from peripheral blood mononuclear cells (PBMCs) using the RNeasy Mini Kit (QIA amp mini kit, Qiagen, USA), that combines the selective binding properties of a silica-based membrane with the speed and convenience of micro-spin technology, a specialized high-salt buffering system allows RNA to bind to the QIAamp membrane. cDNA was synthesized by incubating 10 µL total RNA (contain up to 1 µg RNA) in a 20 µL reaction mixture consist of RT Buffer, and RT Primer Mix. The entire reaction takes place at 42 ℃ and is then inactivated at 95 ℃ using QuantiTect ® Reverse Transcription kit (QIAGEN, USA).
Real time polymerase chain reaction (RT-PCR)
The primers used for NKG2A, NKG2D, and β-actin are shown in Table 1 . All the primers were synthesized and validated by (Qiagen, Germany). Reactions were performed in a total volume of 20 µL, which included 5 µL of cDNA sample, 5 µL of 0.8 µM primer pair, and 10 µL of 2X PCR mix (Qiagen, Germany). PCR was performed as follows: 10 min at 95 ℃ and 45 cycles of 30 s at 95 ℃, 45 s at 60 ℃, and 30 s at 72 ℃. Incubation and on-line detection of the PCR products were carried out using optical 96-well plates and the LightCycler 480 sequence detection system (Qiagen, Germany). All runs contained positive, negative, and endogenous controls. RT-PCR positive samples were identified automatically, when the fluorescence signal exceeded the threshold level determined by the machine. RQ value was estimated. RQ =2 −ΔΔCt where ΔΔ Ct = [Ct (tested gene) − Ct (endogenous control)] -[mean Ct (control) − Ct (endogenous control)] which was performed by the computer software as the mean of the control group was used to calculate the fold change for miRNA in the study group according to Livak and Schmittgen method (16) .
Statistical methodology
Analysis of data was performed using IBM © SPSS © Statistics version 23 (IBM © Corp., Armonk, NY, USA) and MedCalc © version 15.8 (MedCalc © Software bvba, Ostend, Belgium). The Shapiro-Wilk test was used to detect numerical data distribution. Unpaired t-test was used to compare normally distributed numerical variables (mean ± SD) and inter-group differences. Either Mann-Whitney test (two-group comparison) or the Jonckheere-Terpstra trend test (multiple-group comparison) was used to compare non-normally distributed numerical data (median and interquartile) and intergroup differences. Post hoc comparison was detected by Conover test after the Jonckheere-Terpstra trend test if needed. The Bonferroni method was use to correct the P value for multiple post hoc comparisons with the Conover test. Categorical variables were presented as ratio or number and percentage and differences were compared using Fisher's exact test. Interpretation of correlation coefficient (Spearman rho) which is used for correlations was as follows: <0.2, 0.2-0.39, 0.4-0.59, 0.6-0.79, 0.8-1.0 as very weak, weak, moderate, strong, very strong respectively.
Diagnostic/predictive value of NKG2D or NKG2A was assessed by receiver-operating characteristic (ROC) curve analysis. The area under the ROC curve (AUC) interpretation was as follows: 0.9-1.0 excellent, 0.8-0.89 good, 0.7-0.79 fair, 0.6-0.69 poor, <0.6 fail. For post-hoc comparisons with the Conover test, a P value <0.01 (statistically significant) (Bonferroni correction). Otherwise, P values <0.05 (statistically significant).
Results

Demographic and laboratory characteristics of all participants
Thirty-six patients with CRC and 15 healthy individuals were enrolled in the study. As regards, either age or gender, no statistical significant difference between studied groups was detected. Serum NKG2D and NKG2A relative expression were significantly higher in patients compared to the control group with P=0.004, and <0.001 respectively ( Table 2) . NKG2A expression in patients and controls was shown in Figure 1 and NKG2D expression in patients and controls was shown in Figure 2 . The median (interquartile range) for CEA was 3.0 (1.4-12.2), for NKG2D relative expression was 2.00 (1.17-3.40) and for NKG2A relative expression was 4.33 (1.90-9.69).
Diagnostic accuracy of NKG2D or NKG2A for differentiation between patients and healthy individuals
ROC curve analysis for discrimination between patients and controls using NKG2D or NKG2A showed sensitivity (77.8, 83.33%) and specificity (73.33, 100%), with calculated area under the curve (AUC) of 0.759, 0.891 respectively and 95% CI, (0.832 to 0.979) (Figure 3) . 
Comparison of laboratory findings in metastatic or non-
metastatic CRC
No statistical significant difference between patients with metastatic and non-metastatic CRC was detected regarding complete blood picture, renal function, liver function and NKG2D or NKG2A expression however statistical significant increase in CEA in metastatic compared to nonmetastatic with P value =0.001 as shown in Table 3 .
Discussion
NK cells occupy a pivotal role in innate immunity against tumors. The integration of signals from inhibitory and activating receptors regulate NK cells functions (17) .
Little is known about the role of NKG2A/NKG2D as vital inhibitory and activating receptors, respectively, in CRC (18) . The NKG2D receptor are normally expressed in human on NK cells, γδ T cells, CD8 T cells, some autoreactive and immunosuppressive CD4 T cells (19, 20) . Engagement of NKG2D with its ligands evokes protective cytolytic response with release of cytokines. These can be obtained either by activation directly or via NK cells and CD8 T cells co stimulation (21, 22) . NKG2D ligands are extensively demonstrated on a variety of cancer cells and primary solid tumors (23) . Additionally, human NKG2D ligands, are expressed when cells experience physical stress or any changes due to genetic variation (24) .
The molecular mechanism underlying NKG2D regulation is not fully established. NKG2D expression can be induced by several cytokines including IL-2, IL-7 and IL-15. IL-15 and TNF are the most significant biologically activating cytokines, however NKG2D expression can be inhibited by IL-21, TGF-β and macrophage migration inhibitory factor (MIF) (25) . The rationale behind the current study was to determine NKG2D as well as NKG2A expression in patients with CRC.
Our study was conducted on 36 patients with CRC, as well as 15 matched healthy individuals. The patients were further classified into two groups: 23 non-metastatic CRC Our study revealed that expression of NKG2D and NKG2A mRNA were significantly higher in patients compared to the control group with P=0.004, <0.001 respectively. This was surprisingly in contrast with the several previous studies that investigated NKG2 receptors in CRC.
In a study carried by Shen and coworkers, they assessed NKG2A and NKG2D expression by real-time PCR. They found no statistical significant difference regarding NKG2A expression levels in both control group and CRC patients, however NKG2D expression levels were significantly lower in the CRC patients compared to healthy individuals. Hence, their results detected an imbalance in NKG2A/ NKG2D expression in CRC patients (18) . In addition, Doubrovina and colleagues have previously examined the expression of NKG2D in colon cancer patients and detected their decrease in comparison with healthy individuals (26) .
In the current study, no statistical significant difference between patients with metastatic and non-metastatic CRC was detected regarding complete blood picture, renal function, liver function and NKG2D or NKG2A expression however statistical significant increase in CEA in metastatic compared to non-metastatic.
In contrast, Gharagozloo et al. observed that the percentages of NKG2D+NK cells and their mRNA expression were decreased during tumor progression, indicating a significant decrease in metastatic colon cancer patients (27) .
Actually, different studies display various changes in percentage of serum NK cells in diverse cancers. In one study on colon cancer, all patients without metastasis showed a significant expansion of NK cells in the peripheral blood when compared to healthy controls, while patients with metastatic CRC did not show significant difference in NK-cells number when compared to non-metastatic patients (26) . It is accepted that tumors have the ability to develop different ways to escape immunity through an immunoediting process (28) .
Cancers could evade NKG2D mediated immune responses by various mechanisms. Tumors can down-regulate NKG2D expression either by shedding of soluble NKG2D ligands or secretion of immunosuppressive cytokines as TGFbeta (29) (30) (31) . In addition, continuous expression of NKG2D ligands can provoke downregulation of NKG2D expression (14, 32, 33) . However, the actual mechanisms that regulate the immunity against cancer seemed to be more complex and in need to many studies to further explore the role of each element. Major histocompatibility complex class I-related chain A (MICA) (the most important ligand for NKG2D receptor) was an independent good prognostic marker in CRC for stage I and II, but not later stage cancers (23) as well as in pancreatic cancer (34) . Besides, MICA/B and UL-16 binding proteins (ULBP2) were associated with decreased relapse in early-stage breast cancer (35) . MICA/B (miR-106b) micro RNA was decreased in primary ovarian cancer and increased in CRC, gastric cancer, and hepatocellular carcinoma (HCC) (36) (37) (38) . Hence, different studies of microRNA expression in human cancers had shown contradictory results.
A tumor-specific expression pattern of MICA has been noticed in a wide spectrum of epithelial tumor cells, as melanoma, colon, breast, lung, ovary and renal. However, Zhang and colleagues examined the expression of MICA and found MICA association with HCC especially advanced stage, and MICA expression was decreased in HCC tissues when compared with noncancerous tissues (39) .
Our study showed an elevation of circulating inhibitory NKG2A more than circulating excitatory NKG2D, though they were both elevated in cancer patients more than controls. This clearly draws our attention that the balance between both receptors does not follow that simple scheme of up and down regulation and the regulation of such relationship passes through more complex mechanisms that are needed to be explored.
NKG2D ligands may induce another tumor survival mechanism other than promoting tumor immune evasion and suppression. In a conceptual twist, different parts of ex vivo breast, ovarian, prostate, and colon cancer cells express signaling expert NKG2D, thus augmenting the presence of its ligands for self-stimulation of tumor growth and possibly malignant development (40) .
Cancer cell NKG2D, when targeted by engagement of ligands on adjacent cancer cells, activates the oncogenic PI3K-AKT-mammalian target of rapamycin (mTOR) signaling axis. This is commonly found to be hyperactive in cancer, and downstream effectors controlling cell growth and protein synthesis or antibody crosslinking. Besides, as in lymphocytes, targeting of NKG2D stimulates c-Jun N-terminal kinase (JNK) and extracellular signal-regulated protein kinase (ERK) phosphorylation in mitogenactivated protein kinases (MAPK) cascades (40) . These kinases are activation targets of receptor tyrosine kinases as the epidermal growth factor receptor (EGFR), which frequently cause excessive cancer cell expansion with increased motility and survival because of mutation of aberrant expression (41) .
Hence, NKG2D itself might represent the main factor underlying poor clinical outcomes that have been associated with cancer cell expression of its ligands (34, 38, 42, 43) . In spite of their protective role in tumor immune surveillance, NKG2D and its ligands could be misapplied as tumor survival device, allowing immune evasion and suppression, and quite possibly stimulation of tumor growth and progression. The uncertain role of NKG2D as an oncoprotein still needs various in vivo experimental studies (25) .
Intensive research should be held to investigate the exact role of NKG2D in tumorigenesis and whether it has a distinct and well-established role in tumor immunity or it is just a gear in a highly complicated machinery that regulate and control tumor growth. Among points of strength in our study is that it is one of the first research work that could detect an increase of NKG2D in CRC comparison to healthy controls, and this finding opens wide field of research to investigate the exact mechanism of regulation and control of NKG2 receptors in malignancy. Limitations of the study include small sample size, and that we did not evaluate the whole mechanism of the NKG2 receptors regulation by measuring the receptors ligands as well.
Conclusions
Our work is one of the first research work that could detect an increase in NKG2D and NKG2A in CRC in comparison to healthy controls. Indeed, more research should investigate the regulatory mechanisms of NK cells and their receptors that are involved in tumorigenesis. This would to better understand the details of immunity machinery against tumor cells, and other ways the later could escape body immune surveillance.
